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A b s t r a c t  
Assessing the economic impacts of urban land use transformation has become complex and acrimonious.  Although 
community planners are beginning to comprehend the economic trade-offs inherent in transforming the urban fringe, they 
find it increasingly difficult to analyze and assess the trade-offs expediently and in ways that can influence local decision-
making.  New and sophisticated spatial modeling techniques are now being applied to urban systems that can quickly 
assess the probable spatial outcomes of given communal policies.  Applying an economic impact assessment to the 
probable spatial patterns can provide to planners the tools needed to quickly assess scenarios for policy formation that will 
ultimately help inform decision makers. 
This paper focuses on the theoretical underpinnings and practical application of an economic impact analysis sub-
model developed within the Land use Evolution and Impact Assessment Modeling (LEAM) environment.  The conceptual 
framework of LEAM is described, followed by an application of the model to the assessment of the cost of urban sprawl 
in Kane County, Illinois.  The results show the effectiveness of spatially explicit modeling from a theoretical and a 
practical point of view.  The agent-based approach of spatial dynamic modeling with a high spatial resolution allows for 
discerning the macro-level implications of micro-level behaviors.  These phenomena are highlighted in the economic sub-
model in the discussion of the implications of land use change decisions on individual and communal costs; low-density 
development patterns favoring individual behaviors at the expense of the broader community.   
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1 .  I n t r o d u c t i o n  
 
An extensive literature exists in the urban planning and regional science fields relating to large-scale urban models. 
Historically, computer based simulations of urban problems appears to have its origin in the 1950’s metropolitan 
transportation studies (Klosterman 1994) and the geographic accessibility models that resulted. Theoretical urban 
simulation models for locating residential development and retail centers were added to the previously simple and 
straightforward transportation models in the 1960’s. These successes encouraged a number of ambitious, expensive and 
highly visible attempts to build large-scale metropolitan simulation models. In 1973 Douglas Lee wrote a cornerstone 
article in the Journal of the American Planning Association that effectively eliminated large-scale urban modeling 
research for nearly 20 years. The article, titled A Requiem for Large-Scale Models, depreciated the then ambitious 
attempts to develop large-scale computer models of the metropolis (Lee 1973). 
Despite the practical failures of the large-scale modeling efforts, the mathematical programming techniques developed 
for use in these models were found to be useful for constrained and well structured problems with a specified number of 
calculable variables, well-defined goals, and firmly established technical solutions (Dendrinos 1985). In 1969, Jay W. 
Forrester wrote his seminal work, Urban Dynamics (Forrester 1970), in which he develops a computer-based dynamic 
simulation tool to describe the changing fabric of the urban environment. Forrester’s modeling tool was focused on a 
somewhat constrained problem set, but it enabled planners to introduce a temporal approach into previously static 
methodologies. According to Dendrinos however, these model types still failed to address analytic or empirically 
verifiable solutions (Dendrinos 1992). Forrester bases his work on his concepts of “industrial dynamics” and “industrial 
ecology” (Forrester 1961) that can loosely be tied to earlier work by the Urban Ecology movement in the 1920s. Some of 
the foundational ideas of Urban Ecology were initially broached in, The Ecological Approach to the Study of the Human 
Community, by R. D. McKenzie, and were first published in the American Journal of Sociology in November 1925. This 
article was intended to emphasize that methods utilized in the study of ecology may be “profitably applied” to the analysis 
of the human community (Park 1925). Along with earlier works by R. E. Park and E. W. Burgess, it developed in the 
discipline of Urban Ecology and became a precursor to one of the first ecologically based models of community 
development. 
Advances in dynamic spatial modeling techniques currently used to analyze environmental and ecologically based 
systems, (Westervelt et al. 1995; Hannon and Ruth 1997; Costanza and Ruth 1998, Deal et al. 2000) are being developed 
to advance a modern Urban Ecology approach to urban systems modeling (Dendrinos 1992; Deal 1998; Deal 2001).  The 
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technique allows for the incorporation of modern ecological theory, specifically the hierarchical patch theory, to be 
incorporated into dynamic urban systems modeling.  A patch theory model recognizes that different time scales exist in a 
mosaic of patch locations across a landscape. This suggests that landscape dynamics are not uniform; that the dynamics in 
one patch of a landscape impact other, seemingly disparate patches. The population of a specific urban community 
changes slowly, even though each neighborhood may be undergoing rapid and dynamic change.  When one neighborhood 
is in decline, another may be succeeding toward an equilibrium state, even though the larger landscape remains seemingly 
unchanged.  This idea has been used in the ecological economics field to describe the problem of time discounting.  
Individual discount rates are high (10-20%); individuals typically put a larger value on short-term returns.  Societal 
discount rates however, can be as low as 1-2%, placing more value on designing for the long term (Hannon 1994).  To the 
community, the future can be an order of magnitude more important than it is to the individual (or patch).  The 
community can be characterized as a mosaic of varying discounting ideals (individually high), even though the communal 
structure itself is more stable and considerate of the spatial reach and impacts of policy related decisions (Hannon 1995; 
Perrings and Hannon 1996).  
Other applications in urban ecology have used a mathematical ecology approach.  Mathematical models of the urban 
dynamic constructed by Allen and Deneubourg (1978) and Wilson (1981) are believed to be among the first attempts to 
adapt a non-linear ecological approach (Allen and Deneubourg 1978, Wilson 1981).  In early ecological economic work, 
Samuelson recognizes the attractive elements of mathematical ecology (Samuelson 1971).  Use of the Volterra-Lotka 
predator-prey model in Curry (1981) describes occupational competition in a spatially structured labor market.  Sonis 
(1983) also uses Lotka-Volterra in modeling geographic diffusion processes. In terms of explicit urban ecological 
modeling Dendrinos (1979) and Dendrinos and Mullally (1985) take the concept one step further, addressing dynamic 
non-linear interdependencies, stability and equilibrium, conditions that they argue are necessary components of urban 
systems dynamics.   
This paper builds on historic urban and mathematic ecology structure to introduce a new large-scale urban modeling 
technique and its subsequent application to determining the representative, true costs of urban land use transformation.  
This is accomplished by first describing current trends in American land use patterns, followed by a description of an 
urban ecological approach to modeling those trends using a spatially explicit dynamic simulation framework.  A detailed 
description of the determination of fiscal impacts related to two simulation scenarios will then be described.  Results 
include a somewhat innately conjectured realization that current low-density sprawl development patterns are preferred 
because they are relatively cheaper for the developer and individual purchaser at the expense of the broader community 
 
4
and society as a whole; that is, social and communal costs increase much stronger relative to individual and developer 
cost, if the development density decreases.   We also find that the dynamic spatial visualization features of our model are 
essential for communicating urban land use change and its impacts, especially for public policy decision makers. 
 
Urban Sprawl – a brief overview 
 Sprawling land use transformation patterns have been linked to rapid population growth (U.S.CensusBureau, 2002).  This is 
a logical extraction, exponential change in urban populations require a change in services and housing, putting pressure for 
expansion at the edge of the system to accommodate the additional members.  This correlation, however, produces an 
incomplete picture of the dynamics of change at the edge of urban systems.  Some cities, for example Cleveland, OH and 
Peoria, IL, have stable or declining populations yet still exhibit rapidly expanding urban land uses (U.S.CensusBureau, 2002).  
Other logical factors associated with the sprawl phenomena are associated with the unprecedented economic prosperity in the 
US and associated rising disposable incomes.  These economic dynamics made the purchase of undeveloped land and the 
construction of new houses more affordable.  In addition, current tax laws and model building codes enable this construction to 
take place at the fringe where regulation is minimal and tax incentives maximal.  Low commuting costs, a tertiary consequence 
of economic prosperity (through highly subsidized transportation systems), also helps to promote fringe development.  Another 
often-overlooked factor in the sprawl phenomenon is the role of individual choice. An empirical survey conducted in 1991 
found that low-density, single-family homes were the preferred living accommodations (Morrill 1991), although some have 
argued that the lack of alternatives in the new construction and upper-end markets may present a bias. 
 The impacts of the sprawl phenomena have been well documented recently (Kay 1998; U.S. Geological Survey 2000; U.S. 
Census Bureau 2002).  Low-density patterns of development require an auto-reliant transportation system and produce 
consequent increases in congestion and commuting times.  Not surprisingly, it has been shown that as urban densities decrease, 
per capita gasoline consumption increases, both nationally and internationally (Newman, 1989).  This leads to air quality 
considerations and the associated costs rendered to human and environmental health.   Access to open space and the loss of 
sensitive ecological and agricultural lands to urbanization are also issues of concern.  The U.S. Department of Agriculture’s 
1997 National Resources Inventory Report (USDA 1997) shows the rate of farmland and other open space losses lost to fringe 
urban development have has more than doubled in recent years to over 3.2 million acres a year.  Additionally, low-density 
development often occurs in a "leapfrog" pattern that fragments habitat and destroys sensitive wetlands. 
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 The societal implications of low-density fringe development are many and complex.  Economic segregation caused by large 
monolithic developments is most evident at the urban fringe.  The migration of these specific income types also causes a ‘donut’ 
effect in central core districts.  Resources are moved to the fringe, causing social instability and decline at the center, increasing 
the economic disparity between the central core and urban fringe.  An increase in family relocation and mobility may also 
contribute to this loss of social capital in our urban core areas.  Intra and inter urban mobility reduces attachment to place 
as well as to each other.  Without such attachment, our awareness and our concern over the plight of the local 
environment and over the strength of our social connections are diminished.  As a result, environmental and social capital 
decline (Rohe and Gates 1985; Putnam 1995; Putnam 2000).   
 One obstacle in developing a regional understanding of fringe land use transformation and its communal implications is the 
complexity and diversity of the issues and disciplines involved in the discussion.  New theory, tools, and methods of research 
in ecological systems promise to improve our understanding of the dynamics of change in urban environments.  We now 
have access to sophisticated computational and theoretical tools for characterizing ecological systems that can inform 
complex spatial urban models.  A multi-disciplinary, ecosystems modeling approach, using cellular automata modeling 
techniques, now allow researchers and professionals to address urban land use change in greater detail at a greater variety 
of scales enabling a more sophisticated analysis of urban land use change and its economic consequences. 
 
2 .  M e t h o d o l o g y  
 
Concurrent with mathematical ecological systems approaches, recent work in urban systems modeling has begun to 
utilize an arithmetic approach as well.  Socioeconomic and geographically based information sets are integrated into 
dynamic and spatially oriented visualization tools using a Cellular Automata (CA) based data processing and visualization 
system (Birkin 1990; Batty 1992; Clarke et al. 1996; White and Engelen 1997).  A cellular automaton is a discrete 
dynamic modeling system.  Space, time, and the states of the system are represented in a regular spatial grid or lattice, and 
posses any one of a finite number of states.  The states of the cells in the lattice are updated at each time step according to 
a local rule or a programmed model.  The state of a cell at any given time is dependent not only on its local rules for 
change but also on the states of its nearby neighbors at the previous time step.  All cells on the lattice can be considered 
interdependent relational entities and are updated synchronously, so that the visual state of the entire lattice advances in 
discrete time steps.  CA is typically considered an ‘agent based approach’, combining elements of many fields of research 
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in the methodology (Langton 1989; Wolfram 1994; Epstien and Axtell 1996).  Assumptions are made concerning the 
micro-level; behavior can be observed on a micro- and a macro-scale. 
In urban systems modeling, a cellular automaton is typically specified to give a spatially detailed representation of the 
evolution of the urban land-use patterns.  Cell states represent land uses; transition rules express the likelihood of a 
change from one state to another as a function both of existing land uses and the inherent suitability of the cell for each 
possible use.  Engelen et al. (1997) used this technique to represent urban land use dynamics to forecast climate change on 
a small island setting.  Wu and Webster (1998) presented a model that also included user decisions to determine model 
outcomes.  White’s St. Lucia model (White and Engelen 1997) is an example of high-resolution CA modeling of urban 
land-use dynamics and an attempt to use the standard non-spatial models of regional economics and demographics, as 
well as a simple model of environmental change for predicting the demand for future agricultural, residential, and 
commercial/industrial land uses.  An urban growth model of the San Francisco Bay Area (Clarke et al. 1997) is another 
example of using relatively simple rules in the CA environment to simulate urban growth patterns.   
 
A Disaggregated, Ecosystem Approach to Complex Spatial Models 
Spatially explicit modeling of complex environmental problems is essential for developing realistic descriptions of 
past behavior and the possible impacts of alternative management policies (Risser and Karr 1984).  The conceptual 
complexity of formulating, building, and calibrating intricate models and the noted weaknesses with a single modeler 
paradigm, has lead to a general recognition of the need for a more disaggregated, collaborative modeling system. To 
address the conceptual complexity and collaborative barriers to spatio-temporal ecosystem model development, an 
integrated environment for high performance spatial modeling, called the Spatial Modeling Environment (SME) has been 
developed at the University of Maryland Institute for Ecological Economics.  SME transparently links icon-based 
modeling environments with advanced computing resources and Geographic Information Systems (GIS), allowing 
modelers to develop spatial simulations in a user-friendly, graphical environment (Maxwell et al. 1999).  Automatic code 
generators construct (spatial) simulations and enable distributed processing over a network of parallel and serial 
computers, allowing transparent access to state-of-the-art computing facilities.  The environment imposes the constraints 
of modularity and hierarchy in model design, and supports archiving of reusable model components (SME 2002).  The 
system removes the ‘black box’ complexities and advances a disaggregated approach to spatial modeling. 
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The Land Use Evolution and Impact Assessment Model (LEAM) 
 The Land use Evolution and impact Assessment Model (LEAM), utilizes the SME collaborative environment adapted 
for the purpose of developing a Spatial Decision Support System (SDSS) to evaluate human development patterns.  
Developed at the University of Illinois with funding from the National Science Foundation, LEAM describes land-use 
changes across a landscape that result from the spatial and dynamic interaction among economic, ecological, and social 
systems in the region.  In the LEAM approach, groups or individuals who have substantive knowledge relating to a 
particular system develop and test separate models of that system.  These contextual sub-models are run simultaneously in 
each grid cell of raster based GIS map(s); linked to form the main framework of the dynamic spatial model (LEAM).  The 
SME collaborative approach enables the model to be created in an open and distributed manner that brings different 
expertise to bear on the problem.  Inputs to the model utilize USGS national land use data sets (30x30m resolution), 
census and economic data (readily available and transportable to multiple sites), along with variables relating to impact 
assessments sub-models (e.g. habitat, eco-regional inputs, water and energy inputs) to parameterize the model.  The 
resulting products of LEAM model runs will be an analysis of a series of policy scenarios; GIS maps or movies show the 
transformation of the subject landscape as a product of policy related inputs.  These dynamic visual outputs are critical for 
testing policy scenarios and raising concerns regarding the impacts of development, environmental degradation, or 
conflicting land-use policies (George 1997).  The SDSS developed includes a simple user interface and transportable data 
sets for application to multiple sites.   
The fundamental LEAM approach to capturing land use transformation dynamics begins with model drivers (Figure 
1).  Model drivers are considered those forces, typically human, that contribute to urban land use transformation 
decisions.  They also describe land use transformation probabilities.  The simulation visually displays the landscape 
transformation realized at each time step using scenario-based planning exercises.  The resulting visual images are then 
analyzed for environmental impacts during the impact assessment phase.  Sustainability indices based on the derived 
impacts are then developed to feed back into the model drivers.  
<INCLUDE FIGURE 1 HERE> 
MODEL DRIVERS 
A simple illustration of the model drivers can be viewed in Figure 2.  The LEAM model uses a 30m x 30m raster 
based land use map (LU MAP), based on the USGS National Land Cover Data (NLCD).  The initial maps are used to 
parameterize the existing land use conditions (the model uses a 30 x 30 meter resolution to simulate the parcel by parcel 
decision making that influences urban growth patterns).  The existing land use is then analyzed for its development 
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probability (DEV PROBABILITY) at each time step.  The probability of a cell changing to an alternate land use (ALT 
LANDUSE) depends on how the conditions for change in the immediate (as well as global) area of study have changed 
using a Markov chain approach.  
<INCLUDE FIGURE 2 HERE> 
A Markov chain describes the behavior of transition probabilities between the varying states of a system.  The 
process considers the different states that any particular cell in the modeled landscape can assume and the 
statistical probabilities that govern the transition of the phenomenon from one state to another.  In the LEAM 
approach, any developable cell in the landscape has a probability of land use change associated with it.  The 
calculation of the cell’s probability is based on a set of criteria that is evaluated by the model at each time step.  
Each variable considered in the chain affects the overall development probability (DPR) of land use change  
DPR =  LUex (ƒ (Ut , Nr, Ec, Pp, So, Oc, Rr, Rs, Dm, Gt, Tr…)) 
Where:    
? LUex determines the existing land use condition 
? Ut defines utilities and resources available at the site  
? Nr describes the neighboring land use characteristics  
? Ec  represents the local economic conditions 
? Pp represents the gross population projections 
? So represents social decision making factors 
? Oc describes the probability that the cell will develop as open space 
? Rr determines the presence of roads 
? Rs  defines the random chance of land use change (spontaneous growth) 
? Gt describes the spatial growth trends of the region 
? Dm describes the geography of the area  
? Tr represents traffic congestion coefficients 
 
Each driver is developed as a sub-model; definitions are completed and run independent of the larger LEAM 
organization.  Variables of interest can be scaled and plotted in formats that help visualize sub-model behavior and 
contextual experts can calibrate and test sub-model behavior before it becomes integrated into the larger model.  Using 
iconographic modeling techniques for sub-model development greatly decreases the learning curve for enabling 
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contextual experts; it also increases the ease with which the model can be changed and calibrated.  The effects of changes 
made can be viewed immediately; allowing the user to concentrate on modeling instead of computational details 
(Maxwell et al. 1999).  
Model drivers represent the dynamic interactions between the urban system and the surrounding landscape.  Scenario 
maps visually represent the resulting land use changes.  Altering input parameters (policies) change the spatial outcome of 
the scenario being studied.  This enables “what-if” planning scenarios that can be visually examined and interpreted for 
each simulation exercise. One alternative scenario may include the construction of a new road in the area being studied.  
Results of the LEAM Model with a new road system added shows how the land use transformation patterns may vary 
with the road system added.  In this case the planning decision to revise the transportation network in the area has 
dramatically changed the way the region has developed.   
As previously noted, many CA based tools exist to identify probable patterns of development.  What is generally 
lacking is the identification of the societal and fiscal impacts that these may probably exert.  The identification of these 
impacts is an important component of the LEAM modeling system. 
Economic/Fiscal Impact Assessment Sub-Model 
 Within the planner’s triangle of conflicting goals three major planning aspirations are represented and sit at 
opposing corners of a triangle – social justice, economics and ecology.  The center of the triangle represents a sustainable 
solution.  How each of the conflicting goals is resolved determines the overall sustainability of the plan (Campbell, 1996). 
Land use decisions made in favor of economic gains are often detrimental to environmental and social systems.  Using the 
LEAM economic and fiscal impact assessment sub model structure, spatio-temporal development transformation 
scenarios are examined for their expected future societal impacts allowing for a quick assessment of the long-term costs 
(economic, social, and ecologic) associated with any given scenario. The calculations of the sub-model are based on the 
Social Cost of Alternative Land Development Scenarios (SCALDS) cost accounting framework developed by the US 
Department of Transportations Federal Highway Administration (Conrad 1998), see Figure 3.  The SCALDS model 
builds on three components: infrastructure costs, public and private costs, and internal and external costs using a ‘full 
cost’ framework.  A full cost framework includes the externalities associated with a transaction, which are the benefits 
and costs not typically registered through market transactions.  The primary impacts of urban land use transformation are 
captured through changes in the costs of providing infrastructure services to households, businesses, and governments.  
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The inclusion of specific cost factors is based on their significance and on whether the factor can be attributed to and/or 
measure alternative development patterns.  
 The LEAM dynamic, spatial approach has several advantages when compared to classic accounting frameworks: 
• Dynamic representation.  The ability to describe the changing costs of a given scenario provides an enormous 
advantage to static tables and graphs. 
• Visualization.  Mapped images are powerful representations of spatial data.  Add to the dynamic, the ability to 
associate mapped images with the economic dynamics and the importance of where things happen becomes just as 
important as when and if the action takes place.  
• Micro-level assumptions. Typical macro-level assumptions relating to the average costs of varying development 
densities1 are not necessary in a spatially explicit approach.  In the LEAM approach, these costs are based on verifiable 
micro-level assumptions made at the smallest spatial resolution (e. g. average road construction costs per unit length of 
road). Proportionate costs can then be calculated by changing the per-cell densities of infrastructure development.  
• Site specificity.  Since the model can be applied to varying geographic locations, site-specific costs and economic 
characteristics can easily be accounted for.   
LEAM economic/fiscal impact assessment areas currently considered2: development costs, individual costs (the 
privately born costs associated with development), communal costs, and the externalities or societal costs associated with 
the scenario.  Cost factors used to calculate these assessment areas include: i) Roads – the costs associated with the 
construction, maintenance, and operations of roads in the study area; ii) Utilities – the installation, maintenance and 
operational costs of energy systems, potable water systems, and waster water systems needed to service the scenario 
developments; iii) Land use – the costs associated with the loss of agricultural and ecologically significant land uses; iv) 
Air/Water quality – the economic impacts of poor air and water quality.  
<INCLUDE FIGURE 3 ABOUT HERE> 
Roads: Road construction is required to access any developed cell.  When a cell transforms to another use, a required 
percentage of the cell must also accommodate an associated percentage of road construction, depending on the new land 
use (residential, industrial commercial – high/low density).  Road construction costs can then be calculated on per square 
                                                          
1 These assumptions generally differ extremely. For example, Duncan (1989) reports that the compact development costs for 
roads is 40% in percent relative to a sprawling area. Frank (1989) reports 73%; and Burchell reports (1992, 1997) cost 
proportions of 74% and 88%. 
 
2 We have tried to keep the following presentation of the cost calculations rather short and refer to the used literature 
sources where necessary. For further information on implementation details, please contact the authors or consult our 
website: http://www.rehearsal.uiuc.edu/projects/leam/ 
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meter basis with regionally or even cell specific costs.  The operations and maintenance costs associated with one square 
meter of road can also be included suing regionally or cell specific data. This will enable regional distinctions between 
geographic or geo-political areas to be included.  The costs of maintaining a road network in Northern Illinois, for 
example, will greatly differ from the costs to maintain a similar network in southern California. 
Utilities: Utilities installation costs occur at the time of land conversion and are usually born by the developer and 
passed on to the buyer at the time of sale.  Utility installation and construction costs for sewage, water, electrical service 
and natural gas service are included in the model.  The costs depend on the density and type of development: Certain per 
unit construction costs are incurred in the conversion to low-density development; further costs occur when a low-density 
cell is converted to a high-density cell; the direct conversion from non-urban use to high-density development is cheaper 
then the gradual conversion from non-urban use over low-density use to high density development (based on Duncan 
1989; Frank 1989; and Burchell 1992, 1997).   
Maintenance and operation costs are also based on the type and density of the development.  These costs are typically 
communally distributed.  The operational energy costs of the individual unit are calculated using the US Department of 
Energy’s PLACES3 standard (USDOE 1996).  PLACES3 differentiates between low-density households and high-density 
households. Regionally specific data for the average energy cost per household and trends for consumption are obtained 
from the US Department of Energy. From the Environmental Protection Agency (EPA), the average potable water 
consumed per household per day was obtained, and again we differentiated between low- and high-density households. 
(US EPA 1996). Regionally specific per gallon water costs can then be applied for household potable water costs. 
 Land use:  The average value of various land use types was abstracted from Costanza (et al)’s valuation of the 
world's ecosystem services and natural capital (Costanza et. al. 1997) and the data was adapted to our 30 x 30 meter grid 
resolution. An aggregation of land use types was used to simplify model calculations and computational expense based on 
the US Geological Survey’s (USGS) national land use classifications.  Resulting groupings of forested lands, wetlands, 
farmlands, urban spaces (differentiated by development density) and open space areas were created.  Societal costs of 
conversion form un-urban to urban were then calculated. Each scenario cell transformation from non-urban uses to urban 
at each time step constitutes a societal cost if the value of the existing land use exceeds the value of new transformation.  
It is recognized that typical infrastructure installation and construction costs incurred are generally paid by the land 
developer and passed to the new owner at the initial transaction.  Operational and maintenance costs, however, are borne 
by the community as a whole and it is important to capture these communal costs when determining the true costs of 
development. 
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Air/water quality.  The air pollution sub model simulates the air pollution that is due to fossil fuel combustion.  Other 
factors contributing to air pollution are considered not being a direct function of development density. Values are 
provided for natural gas, fuel oil, coal and gasoline.  The model includes generation of carbon monoxide (CO), carbon 
dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxides (NOx ).3    
The following table shows the pollutant concentrations used in the model. 
<INCLUDE TABLE 1 HERE> 
The (indirect) costs associated with the use of non-renewable energy sources include degradation of health, vegetation 
and property due to air pollution from combustion of fossil fuels. These costs vary depending on the data source. This 
model incorporates data from various studies done at Pace University (Ottinger, 1990; Ottinger et al. 1996) summarized 
in the following table. 
<INCLUDE TABLE 2 HERE> 
Automotive energy consumption and the resulting air pollution is based on US average figures as presented in 
(Herendeen 1998), and an estimated 2.9 persons per household in Kane County over the forecast time of the scenario.  
 
3 .  R e s u l t s  
An application of the land use evolution and impact assessment model was made recently to Kane County, Illinois.  
The main goal of this simulation is to evaluate the influence of urban growth in the critical area on economic and fiscal 
factors.  Housing in Kane County is fairly homogeneous, dominated by detached, single-family homes; a trend that is 
likely to be the norm in the future (Gruen 2000).  The County’s 2020 Land Resource Management Plan (Gruen 2000), 
projects a 60% growth in households by 2020, amounting to 69,000.  The County is actively working to control sprawling 
development patterns in the critical growth area.  This suggests that the county is interested in promoting an increase in 
density - an increasing population that is decreasing in intensity over time or growth with a decreasing fringe development 
rate (Figure 4).  This becomes the policy scenario tested using the LEAM approach – what are the fiscal impacts related to 
a policy that increases development density vs. the ‘do nothing’ policy? 
<INCLUDE FIGURE 4 HERE> 
PROJECTED ECONOMIC IMPACTS 
The fiscal impacts sub-model was applied to assess the costs associated with two scenario runs – high density and low 
density.  Salient variables considered include: 
                                                          
3 These values were obtained from Buonicore and Davis (1992) and from Anderson (1995) for automotive fuel. 
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• Developmental cost – typically borne by the developer and passed to individual buyers. 
• Individual costs – costs that are the responsibility of the home buyer (including property taxes). 
• Communal costs – costs that become the responsibility of the community at large, such as the maintenance of the 
roadway system after incorporation. 
• Social costs – the externalities associated with developments that are not included in other definable costs. 
The efficacy of the economic/fiscal impact assessment model is tested using two LEAM scenario outputs that 
represent extreme low-density and extreme high-density scenarios for the same housing demand/population projection. 
The spatial development patterns are determined by the dynamics of the model and their plausibility was checked with 
local and regional community planers. In scenario 1 (low density – 0.68 households per 30 x 30 m cell according to the 
USGS NLCD data set), there are no restrictions on housing density and the subsequent land use changes occur in highly 
disaggregated and sprawling patterns.  Scenario 2 assumes the implementation of density regulations on the newly 
developed housing stock, increasing urban densities in the newly formed districts (1.36 households per 30m x 30 m cell). 
Results of model runs show the reduced spatial extent of new urbanized areas that occurs in areas zoned for higher 
densities (Figure 5).   
The fiscal impacts associated with the low-density scenario are shown in Figure 6. 
<INCLUDE FIGURE 5 HERE> 
<INCLUDE FIGURE 6 HERE> 
The same procedure was used to conduct an economic impact assessment of a high-density scenario (Figure 7).  The 
fiscal impacts associated with the high-density scenario are shown in Figure 8. 
<INCLUDE FIGURE 7 HERE> 
<INCLUDE FIGURE 8 HERE> 
 Fiscal impact assessment curves (Figures 6 and 8) show the dynamics in each cost category.  Both figures show 
development, individual, social and communal costs under the scenario assumption that low-density development is 
tolerated in each newly developed cell without feedback. In both scenarios, all costs are increasing over time.  A noted 
difference between societal and communal costs in both scenarios reflects a common perceptual problem regarding the 
true costs of residential development.  Although both communal and societal costs are eventually born by the larger 
community, typical cost projections consider only short-term communal costs and disregard both long-term communal 
and all associated societal costs, grossly underestimating the fiscal impacts of the proposed development.   
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 In the two scenarios considered, low-density development patterns incur higher costs in all four categories.  By year 
28 communal costs are 98% higher and societal costs 28% higher in the low-density condition.  Individual and 
developmental costs are also increasing - individual costs 13% higher and development costs are 17% higher when 
comparing the low-density to the high-density development scenario at simulation year 28.   
 
4 .  D i s c u s s i o n  
Comparing the communal and the social costs under the low and high-density scenarios reveals significantly higher 
costs associated with low-density outcomes. Low-density development may be individually more desirable however, 
since more of the costs (communal and societal) are born by others in the short term.  Even if parts of the social costs are 
ultimately paid for by the individual, the individual’s perception may be that low-density development is cheaper than 
high-density development due to the short time horizons generally associated with individual decisions (Hannon 1994).  
A social or communal perspective however, clearly favors high-density development.  Especially when considering the 
lack of societal benefits (fiscally) generated from low-density developments. 
 If the projected growth patterns reach some stable equilibrium state - i.e. population stabilizes or a development 
moratorium is considered, where no development takes place and redevelopment is the only land use change activity – the 
projected accumulated communal cost curve will show a linear increase.  Income to the community will also show a 
linear increase, since population changes will be minimal.  Depending on the redevelopment density, either the communal 
cost function or the communal tax income function will increase at a faster rate.  A critical ‘fiscal density’ is achieved 
when both functions increase at similar rates.  If actual development densities are below this critical ‘fiscal density’ 
threshold, the community will be faced with a decreasing net balance between tax income and communal costs for 
housing development.  If actual development densities rise above the critical fiscal density, the net returns to the 
community will be positive.  
 There are three interests in a development decision: i) the communal interests of the area in which the new 
development will take place, ii) the interests of the developer or business taking the initial risk, iii) and the interests of the 
individual, the person that generates the demand for the developed property and is ultimately responsible for the parcel in 
question.  These three interests can be portrayed in a similar manner to the planner’s triangle of conflicting goals 
(Campbell 1996), so that each economic interest sits on opposing points of the triangle (Figure 9), with an economically 
equitable solution at the center.  An economically equitable solution is achieved when a balance between the competing 
interests is achieved – when each party receives an acceptable portion of the burden.  The low-density scenario, although 
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considered positive by the individual, places too much burden on the community to be considered an equitable or 
sustainable solution.  A high-density scenario may be more equitable, but have shifted the burden too far in the other 
direction. 
<INCLUDE FIGURE 9 HERE> 
 Various studies (Frank 1989; Duncan 1989; Burchell and Listokin1995; Bank of America 1995) look at the 
relationship between land use patterns and infrastructure costs (i.e. local and county roads, water, sewers, and schools).  
They estimate that for eighteen communities in Southeast Michigan, managing growth (relative to unmanaged growth) 
can produce annual savings of over $5 million (Burchell 1997).  Burchell also finds in a New Jersey study that managed 
growth is 2% less costly than unmanaged growth for both municipalities and school districts (Burchell 1992).  The 
implication is that current, unmanaged, low-density development demands more community costs than they provide 
communal benefits over time.  The solution to this dilemma of increasing communal costs and decreasing benefits has 
traditionally been growth; incorporating adjacent lands to increase the tax base and take advantage of typically low impact 
land uses (agricultural property taxes are a small fraction of urban land use taxes) and newly developed urban land uses.  
Alternative solutions, a higher tax rate per capita, or a permanent and early switch to more compact and sustainable 
development patterns are rarely considered.  The inherent feedback loops in the sprawl paradigm are generally self-
reinforcing and favor fringe development, instead of self-correcting as they are in equilibrium models.  
   
 Our collaboration with the planners in Kane County (and other planning agencies in Peoria and the State of Illinois) 
over the course of this work has revealed some interesting observations: 
• planning decisions are heavily influenced by fiscal analysis, even though current methods for analyzing the fiscal 
impacts of spatial economic variables, i.e. land use patterns, is often incomplete and rather short-term oriented. 
• “soft variables” or variables that are difficult to quantify, such as societal costs or quality of life measures are 
rarely effective in influencing planning decisions.  
• reliable and understandable models are needed to help quickly assess soft variables for inclusion in spatial fiscal 
analysis to help engage decision makers toward a broader understanding of the real implications of land use 
change. 
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5 .  C o n c l u s i o n  
 Dynamic models of complex and interconnected ecosystems enable scientists to experiment with and thus come to 
understand the interactions of dynamic system components. While good progress has been made in the development of 
physical and biological system models, there have been fewer attempts and less success at developing social system 
models. Though specific parts of the front-end of the LEAM-model and its ecological impact assessment features are still 
under development, valuable insights into the critical and sensitive components of urban systems and the fiscal 
implications have already been obtained, mainly due to the interdisciplinary exchange and the need to formalize one’s 
thoughts into the framework of a computer model.   
This paper has presented theoretical underpinnings of such a large-scale computer model and the successful application to 
the methodologically simple problem of the calculation of the cost of urban sprawl was presented.  One of the strongest 
features of the agent-based approach of our model is the emergence of macro-behavior based on micro assumptions.  This 
gives the discussion about the fiscal impacts of urban development a new dimension, since agent-based models can more 
easily be calibrated to site-specific properties and vague assumptions about average impacts become unnecessary.   
The visualization of modeled results has proven to be successful, especially in cultivating cooperation with planners and 
other regional decision makers.  Mapped images are extremely powerful for displaying the spatial interactions and dynamic 
movement of human development patterns. Although difficult to represent in static format the animations of these images 
provide a strong case for the use of spatial simulation modeling for more intensive land use change applications.  We anticipate 
that the dynamic animation of the mapped images will also become important in future work regarding the most efficient 
development control strategies and the quantification of environmental impacts.   
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TABLES 
 
Pollutant Gas  Oil  Coal Gasoline 
SO2 (kg/GJ) 0.00025 0.29499 1.26586 0 
NOx (kg/GJ) 0.05889 0.08676 0.25107 0.00038 
CO (kg/GJ) 0.01462 0.01492 0.08966 0.00322 
CO2 (kg/GJ) 49.4409 73.0866 85.9842 81.6849 
 
Table 1.  Pollution estimates in kg/GJ for various fuels. 
 
 
 
SO2 ($/kg) NOx ($/kg) PM ($/kg) CO2 ($/kg) 
4.475 1.808 2.624 0.015 
 
Table 2.  The societal costs of relevant air pollutants in $/kg. 
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FIGURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  The LEAM spatial modeling environment. 
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Figure 2.  LEAM simple model driver structure. 
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Figure 3.  The Social Cost of Alternative Land Development Scenarios (SCALDS) full cost accounting framework. 
 
 
 
 
 
 
 
 
 
25
Kane County, IL  
New Housing Permits to Population
0
1000
2000
3000
4000
5000
6000
ye
ar
19
80
19
82
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
20
12
20
14
20
16
20
18
20
20
20
22
20
24
20
26
year
0
100000
200000
300000
400000
500000
600000
po
pu
la
tio
n
Population
Housing Permits
Figure 4.  Number of new housing units in Kane County. 
 
 
 
 
Figure 5.  Dundee Township in Kane County – scenario 1 “low-density” scenario. Purple areas are residential cells, red 
are commercial, green are set aside open space and blue cells are water.  Pink is agricultural land or undeveloped cells.  
Note the spread and magnitude of the low density scenario 
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Economic Impact Assessment Low Density Scenario
0
500
1000
1500
2000
1 3 5 7 9 11 13 15 17 19 21 23 25 27
Simulation Year
C
os
ts
 (i
n 
m
ill
io
n 
U
S-
$)
Development
Individual
Social
Communal
Accumulated Costs
 
Figure 6.  The fiscal impacts of the low-density scenario over time. 
 
 
 
 
Figure 7.  Dundee Township in Kane County – scenario 2 “high-density” scenario. Note the reduced spatial footprint of 
the new urban areas. 
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Economic Impact Assessment High Density Scenario
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Figure 8.  The fiscal impacts of the high-density scenario over time. 
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Figure 10.  The planner’s triangle of conflicting goals adapted to economic burdens associated with land use change.  
Equitable solutions balance competing interests. 
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